Knowledge of the changes in blood volume taking place in the course of congestive heart failure is necessary for an understanding of alterations in the dynamics of circulation in that disease. Changes in blood volume in cardiac decompensation reported in the literature are of a confficting nature. Bock (1), Brown and Rowntree (2), Thompson (3) , Schiirmeyer (4), Mies (5) , using modifications of the original dye method of determining the blood volume; Plesch (6) , using the carbon monoxide method, and Ewig and Hinsberg (7) ; using a combination of the two methods, have reported the blood volume as variably increased during cardiac decompensation. The most extensive studies have been made by Wollheim (8, 9, 10, 11) , using a modification (12) of the original Keith-Rowntree technique, Levin (13) , and Goldbloom and Libin (14) . On the basis of their studies these authors have described two types of congestive failure; the so-called " plus " and " minus " types. In the former type, in which failure is characterized by cyanosis, distension of cervical veins, engorgement of the liver, edema and other symptoms and signs of congestion, the volume is said to be above normal during failure and to decrease with compensation. In the latter type, characterized by pallor, poor venous filling, marked respiratory distress and weakness, but no marked edema, the volume is said to be below normal during failure and to increase during compensation.
In this communication we will report the results of our studies in patients in congestive heart failure, selected from the Cardiac Clinic and Medical Wards of the Peter Bent Brigham Hospital. We have employed the method developed by Gregersen, Gibson and Stead (15) , as modified for clinical use by us (16) . This method measures the plasma volume by means of an azo dye, Evans Blue, and employs the spectrophotometer for colorimetric estimation of dye concentration in serial samples of blood serum. The total blood volume and red cell volume are calculated from hematocrit values of venous blood and the plasma volume. In addition, many observations on venous pressure and circulation time were made by methods previously described (16) .
Changes occurring during the transition from the compensated to decompensated state were studied by means of statistical analysis of a large number of single determinations in patients in varying stages of heart disease. Cases were placed in groups according to the severity of symptoms and clinical signs of congestive failure. Changes in the average values of these groups were taken as characteristic of the trend of blood volume, hematocrit, venous pressure and circulation time in progressive congestive failure.
Changes taking place during recovery from decompensation, or during further progression of heart failure were studied by means of repeated determinations in the same individual during the course of his treatment for congestive heart failure in the hospital, or after discharge therefrom. Both methods have certain limitations, but yield results which are mutually complementary and confirmatory and from which valid conclusions as to the true state of circulatory dynamics in heart disease may be drawn.
One of the principal difficulties in a study of this sort is the selection of normal values for comparative purposes. Normal values for venous pressures, circulation times and hematocrits fall within clearly definable limits, and for this study we have employed the average normal values found by us by the methods employed as previously reported (17) . The normal blood volume for a given individual can, however, be assigned with less certainty. In a previous communication (17) , we stated that the blood volume varied within wide limits in normal persons of varying habitus and proportion of muscle and 851 fat. We also stated that, within certain limits, total blood volume in normal persons bore a relationship to height, weight and surface area. It was our opinion that the average of normal values based on either height or surface area obtained in fairly large groups of individuals might offer a reasonable basis for showing changes from the normal volume levels occurring in disease.
It is obvious that weight is altered in certain phases of cardiac disease, owing to the presence of edema fluids during the congestive phase, and also to the cachexia accompanying chronic heart disease, to such a point as to be meaningless for normal volume estimation on the basis of surface area or weight. We have therefore used the least variable of physical measurements, namely, height, as the basis for estimation of normal blood volume in these studies. This Group I contained patients with valvular heart disease who exhibited no symptoms or signs of cardiac insufficiency. There were seven males and eleven females in this group; with the exception of three females with congenital heart disease all had valvular lesions diagnosed as being of rheumatic origin.
In Group II were placed those patients who had symptoms of cardiac insufficiency; dyspnea on moderate effort, easy fatigue with or without actual limitation of activity, but in whom no physical signs of congestive failure were observed. There were 12 males and 6 females in this group, all of whom had rheumatic valvular disease except one male with luetic aortic insufficiency.
Groups III and IV consisted of patients in frank congestive failure; those with venous pressures above 150 mm. of water being placed in the latter group, as exhibiting the most severe degree of decompensation. Group III contained 12 males and 10 females; 5 of each sex had rheumatic heart disease, one male syphilitic aortic insufficiency, 2 males and one female hypertensive heart disease and the remainder chronic myocarditis. In Group IV were 7 males and 8 females; 2 males and 6 females had rheumatic 11000. heart disease, 2 males hypertensive heart disease, 1 female constrictive pericarditis of unknown etiology and the remainder chronic myocarditis.
A separate grouping was made of sixteen patients with essential hypertension, of whom 9 were males and 7 females, in whom there was no evidence of renal or cardiac involvement. A few of these complained of fatigue and voluntary restriction of activity, but because of the difficulty of ascribing these symptoms to cardiac disability no attempt was made to class these patients in either of the first two groups. During the period of observation the systolic blood pressure was above 150 mm. of mercury. The results of these observations are presented in Figure 1 and Table I . While in each group there was a considerable spread in the individual values for blood volume, hematocrit, venous pressure and circulation time, the trend of the average values for each of these groups, namely, a progressive increase above normal with advancing decompensation is definite.
The average percentage deviation from normal of each group is shown in Figure 2 . The value for Groups I and II may be considered to be within normal limits. With the onset of physical signs of congestive failure (Group III) a large increase above normal, amounting to 22.3 per cent occurs, while in severe failure (Group IV) the increase above normal is 55.3 per cent. In In Table III is shown the course of blood volume, venous pressure, circulation time, and hematocrit in 13 patients in congestive failure in whom bed rest, digitalization and diuresis were accompanied by a return to a compensated state. The underlying etiology in the failure of these patients is as described in the table. In every case the blood volume at the time of the first determination, made at the time of admission to the hospital, was in excess of the normal volume based on body height for that individual, the extremes in elevation ranging from 5.7 to 85.7 per cent. The average value for the entire group is 29.6 per cent above normal.
In all these 13 cases, of varied etiology, a striking decrease in blood volume, venous pressure and a decrease in circulation time occurred during compensation. Decreases in total volume amounted to a liter or more in the majority of cases, the extremes ranging from 220 cc. (Number 56, Table III ) to 3950 cc. (Number 110, Table IV ). In general, those patients experiencing the greatest clinical improvement as evidenced by clinical signs, alleviation of symptoms, weight loss and diuresis, had the largest reductions in total volume from failure levels.
The reduction in plasma volume was at first proportionately greater than the reduction in red cell volume. In 9 of the 13 cases summarized in Table III , hematocrit values rose as compensation was restored. Thus, as illustrated in Cases 55, 62, and 147 (Table III) , with clinical improvement there was a considerable fall in plasma volume accompanied by a moderate decrease in red cell volume with resultant rise in hematocrit, the change taking place in a comparatively short time. With further improvement, the plasma volume fell but little more, while the red cell volume continued to diminish with resultant decline in hematocrit value.
The reduction in red cell volume varied greatly, a decrease of about 500 cc. taking place during the transition from failure to compensation. The largest reduction encountered was in Case 110 (Table IV) , amounting to 1410 cc. in a period of 14 days. In none of the cases studied was compensation accompanied by an increase in either plasma or total blood volume.
In contrast, We wish to emphasize the fact that many of the patients studied in this investigation were in a condition of chronic congestive failure, many of them having survived one or more attacks of decompensation. Since this disorder is characterized by a progressive wasting of the blood-holding tissues, it is very probable that the "normal" values for many of the individuals, in a state of decline when the first determinations were made, would be considerably lower than those arbitrarily employed in this study. It is therefore probable that, in a given individual, the percentage increase over levels prevailing in a state of compensation to which blood volume rises at the height of congestive failure is far greater than indicated by the percentage increase from estimated normal volume as described above.
That some degree of elevation of blood volume may precede the development of physical signs of congestive failure is suggested by the data given in Figure 1 . An average increase of 4.4 per cent above normal occurred in the patients in Group II, none of whom exhibited any physical signs of congestion but did have definite symptoms of limited cardiac reserve.
We are unable to confirm the finding of the existence of two contrasting types of congestive heart failure as regards the state of the blood volume, the so-called " plus " and " minus " types, described by Wollheim (9), Levin (13) , and Goldbloom and Libin (14) . All of our patients who could be classified as exhibiting the clinical aspects of the so-called " minus " type of failure (Cases 38, 56, 77, and 36), with clinical improvement experienced fair to moderate diureses and had a decrease in blood volume. Case 77 (Table  III) is of particular interest in this regard. This elderly woman with mitral stenosis and hypertension was definitely undernourished, and while the initial volume during frank failure was only slightly above the estimated normal value, the response to therapy was satisfactory, was accompanied by a weight loss of 3.2 kgm. following moderate diureses, and the blood volume underwent a reduction of 750 cc. We conclude that the conception of a " minus " type of failure is a misconception arising from errors inherent in the techniques employed.
The above authors employed various modifications of the original Keith-Rowntree technique using red dyes and the Dubosq or related types of colorimeters. Graff and Clarke (19) showed that hemolysis of samples could give rise to large erors when red dyes were used. H. P. Smith (20) proved that errors amounting to 25 per cent in either direction could be introduced by the presence of residual dye from previous determinations in the " dye-free " sample. Errors in colorimetry when the Dubosq type of colorimeter is used, as shown by Gregersen, Gibson and Stead (15) and Gibson and Evans (16) , due to inequality of dye concentration of standard and sample are of such a nature and degree as to give falsely low values in cases with high volumes (in which the dye is greatly diluted so that the standard is more concentrated than the sample), and falsely high volumes in cases with low values, the degree of error being possibly 20 per cent. We (16) have shown that the mixing of dye in the blood stream is greatly prolonged in congestive heart failure, that an error arises which is in the direction of a falsely low volume when the calculation is based on the dye concentration of samples taken before mixing is complete, and that this error may be as large as 20 per cent in severely decompensated cases. The procedure of using a single sample after injection of the dye involves errors due to dilution of dye by lymph, and to variations in the rate of disappearance from the blood stream.
It is obvious that with all these uncontrolled sources of error inherent in the techniques employed in previously reported studies, two of the most significant of which tend to give falsely low values in subjects with large plasma volumes and slowed circulation, the finding of low volumes during failure with increases during compensation is an erroneous one. CONCLUSIONS 1. In heart disease the change from the compensated to the decompensated state is accompanied by a progressive increase in the volume of plasma and red cells.
2. This increase is shared to a slightly less extent by the plasma than by the corpuscles, resulting in a slight concentration of the blood.
3. The average degree of increase in blood volume above normal parallels the average degree of elevation of venous pressure and slowing of circulation time. 4 . During recovery from congestive failure there is a diminution in both plasma and cell volume, the degree of decrease in plasma in most cases being at first more rapid than that of the corpuscles, resulting in varying degrees of blood concentration. With continued compensation the proportion of cells to plasma returns to within normal limits. The decrease in total volume parallels the degree of clinical improvement.
5. In no case was an increase in volume during recovery from chronic congestive failure observed. Relapses to more severe degrees of circulatory failure are accompanied by maintained elevation of, or further increases in blood volume.
